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RECOVERING HEATED FLUID USING WELL
EQUIPMENT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation (and claims the benefit of
priority under 35 USC 120) of U.S. application Ser. No.

12/34°7,793, filed Dec. 31, 2008. The disclosure of the prior
application 1s considered part of (and 1s incorporated by ret-
erence 1n) the disclosure of this application.

BACKGROUND

Fluids in hydrocarbon bearing formations may be accessed
via wellbores that extend down into the ground toward the
targeted subterranean zones. In some cases, fluids in the
hydrocarbon formations may have a low enough viscosity
that the tluids readily flow from the zone to the ground sur-
face. Some hydrocarbon formations have fluids with a higher
viscosity, that may not freely flow from the formation. These
higher viscosity fluids are occasionally referred to as “heavy
01l In the past, the high viscosity fluids, 1.e. heavy oil,
remained untapped due to an 1inability to economically
recover them. More recently, as the demand for o1l has
increased, commercial operations have expanded to the
recovery of such heavy o1l deposits.

In some circumstances, the application of heated treatment
fluids (e.g., steam) to the formation may reduce the viscosity
of the heavy oi1l, so as to facilitate economically and practi-
cally viable extraction. The systems to deliver the steam to the
subterrancan zones and the systems that recover the heavy o1l
to the surface must be able to withstand the temperatures and

temperature variations encountered 1n using heated treatment
fluids.

SUMMARY

An aspect encompasses a device having a {first elongate
tubular body adapted to reside 1n a wellbore and a second
clongate tubular body coupled to the first tubular body and
adapted to reside 1n the wellbore. The device changeable
between the first tubular body axially fixed against movement
in a first direction relative to the second tubular body and
axially moveable 1n the first direction relative to the second
clongate tubular body 1n response to temperature.

Another aspect encompasses a downhole tool system. The
downhole tools system has a first tubing associated with a
heated fluid communication system and a second tubing asso-
ciated with the heated fluid communication system. The first
and second tubings are concentrically arranged. A first metal-
lic split seal ring 1s carried on the second tubing and sealed to
the second tubing. The first seal ring 1s springingly biased in
sealing contact against the first tubing. A second metallic split
seal ring 1s carried on the second tubing and abuts the first seal
ring. The second seal ring 1s springingly biased in sealing
contact against the first tubing. The first and second seal rings
are arranged with a splitin the first seal ring overlapped by the
second seal ring.

In another aspect, a device includes a first elongate tubular
body adapted to reside 1n a wellbore. The device includes a
second elongate tubular body coupled to the first tubular body
and adapted to reside in the wellbore. The device 1s change-
able between the first tubular body being axially fixed against
movement 1n a {irst direction relative to the second tubular
body and axially moveable in the first direction relative to the
second tubular body 1n response to temperature.
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2

In another aspect, a well system for accessing a subterra-
nean zone includes a wellbore through which heated treat-
ment fluid 1s communicated 1n the subterranean zone. The
system 1ncludes a first tubing extending 1n the wellbore, a
second tubing extending in the wellbore, and an expansion
joint between the first tubing and the second tubing. The
expansion joint 1s changeable, based on temperature, between
being fixed against axial contraction and able to axially con-
tract.

In another aspect, a string 1s pushed into a wellbore with a
rigid joint, and the joint 1s changed, 1n response to tempera-
ture, to allow axial refraction of the joint.

In another aspect, a downhole tool system includes a first
tubing associated with a heated fluid communication system
and a second tubing associated with the heated fluid commu-
nication system. The first and second tubings are concentri-
cally arranged. The system further includes a first metallic
split seal ring carried on the second tubing and sealed to the
second tubing. The first seal ring 1s springingly biased 1n
sealing contact against the first tubing. The system further
includes a second metallic split seal ring carried on the second
tubing and abutting the first seal ring. The second seal ring 1s
springing biased in sealing contact against the first tubing.
The first and second seal rings are arranged so that a split 1n
the first seal ring 1s overlapped by the second seal ring.

In another aspect, a flow of fluid 1s received between first
and second concentrically arranged tubings. The flow 1s at a
temperature of approximately 250° C. or greater. A plurality
ol metal split seal rings residing between the first and second
tubings seal against the tlow.

In another aspect, a well system includes a heated fluid
communication wellbore. The system includes a first tubing
in the heated flmmd communication wellbore coupled to a
source of heated treatment fluid. The system includes a sec-
ond tubing concentrically recerving the first tubing. The sys-
tem includes multiple metallic split seal rings residing
between the first and second tubing and sealing between the
first and second tubing.

Embodiments may include one or more of the following
features. The first elongate tubular body 1s changeable
between axially fixed against movement 1n the first direction
relative to the second tubular body and axially movable in the
first direction relative to the second tubular body in response
to temperature above a specified temperature. The device
includes a phase change material that 1s solid below the speci-
fied temperature and flowable above the specified tempera-
ture. The phase change material resides about the second
tubular body and, when solid, axially fixes the first tubular
body against movement in the first direction relative to the
second elongate tubular body. The phase change material
orips a profile defined by the first and second tubular bodies
when solid. The phase change material resides 1n an annulus
defined between the first tubular body and the second tubular
body. The first tubular body i1s sealed to the second tubular
body with two or more split metal seal rings arranged so that
a gap 1n one seal ring 1s overlapped by an adjacent seal ring.
The device includes a hydraulic volume about the second
tubular body. The phase change matenial seals the hydraulic
volume when the phase change material 1s solid, and the
phase change material does not seal the hydraulic volume
when the phase change matenal 1s flowable. A fluid 1n the
hydraulic volume, when sealed in the hydraulic volume, axi-
ally fixes the first tubular body against movement 1n a {first
direction relative to the second tubular body. The device
further includes a shape memory metal that resides 1n a first
shape below the specified temperature and resides 1n a sec-
ond, different shape above the specified temperature. The
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shape memory metal resides between the first tubular body
and the second tubular body. When 1n the first shape, the
shape memory metal engages the first tubular body to the
second tubular body. When 1n the second shape, the shape

memory metal allows axial movement 1n the first direction of 3

the first tubular body relative to the second tubular body. The
first elongate tubular body 1s telescopically received within
the second elongate tubular body. The shape memory alloy
resides 1n interference between the first tubular body and the
second tubular body when 1n the first shape and out of inter-
terence when in the second shape. The specified temperature
1s less than 200° C. Heated treatment 1s injected into the
subterranean zone though the wellbore. The expansion joint
1s fixed against axial contraction when at a temperature below
a specified temperature and able to axially contact when
above the specified temperature. The specified temperature 1s
at or below the temperature of the heated treatment fluid.
The expansion joint includes a housing coupled to the first
tubing. The expansion joint includes a body coupled to the
second tubing. The body 1s telescopically recerved in the
housing. The expansion joint includes a phase change mate-
rial residing between the housing and body. The phase change
material 1s solid below the specified temperature and tlowable
above the specified temperature. The phase change material,
when solid, grips the housing and the body and axially fixes
the body relative to the housing. The expansion joint includes
a housing coupled to the first tubing, and a body coupled to the
second tubing. The body 1s telescopically received 1n the first
tubing. The expansion joint includes a hydraulic volume
aboutthe body and a phase change material that1s solid below
the specified temperature and flowable above the specified
temperature. The phase change material seals the hydraulic
volume when the phase change matenal 1s solid. The phase
change material does not seal the hydraulic volume when the
phase change material 1s flowable. A fluid 1n the hydraulic
volume, when sealed 1n the hydraulic volume, axially fixes
the body against movement 1n a {irst direction relative to the
housing. The expansion joint includes a shape memory metal
residing between the housing and the body, the shape memory
metal has a first shape below the specified temperature and a
second, different shape above the specified temperature.
When the shape memory metal 1s 1n the first shape 1t engages
the housing to the body, and when the shape memory metal 1s
in the second shape 1t allows axial movement of the body
relative to the housing. The well system further includes a
third tubing and a second expansion joint between the first
tubing and the third tubing. The second expansion joint 1s
changeable, based on temperature, between being fixed
against axial contraction and able to axially contract. The
second tubing comprises a permeable liner. Changing the
joint 1n response to temperature includes changing the joint to
allow axial retraction when steam 1s communicated in the
wellbore through the string. Changing the joint includes
changing a phase change material from solid to flowable.
Changing the joint includes changing a shape memory metal
from a first shape to a second shape. The second tubing carries
a Bellville spring that biases the first seal ring to abut the
second seal ring. The first seal ring 1s C-shaped having a gap
between ends of the seal ring. The second seal ring has a
protrusion on a lateral surface thereof configured to fit in the
gap of the first seal ring and retain the first seal ring relative to
the second seal ring so that the gap of the first seal ring 1s
overlapped by the second seal ring. The first tubing 1s a
housing of an expansion joint, and the second tubing 1s a body
of the expansion joint. The downhole tool system further
includes a phase change materal residing between the hous-
ing and body. The phase change material 1s solid below a
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4

speciflied temperature and tlowable above the specified tem-
perature. The first tubing 1s a housing of an expansion joint

and the second tubing 1s a body of the expansion joint. The
downhole tool system further includes a hydraulic volume
about the body. The downhole tool system further includes a
phase change material that 1s solid below the specified tem-
perature and flowable above the specified temperature. The
downhole tool system further includes a fluid in the hydraulic
volume that, when sealed 1n the hydraulic volume, axially
fixes the body against movement 1n a first direction relative to
the housing. The first tubing 1s coupled to a permeable liner of
the heated fluid communication system and the second tubing
1s a heated fluild communication string of the heated fluid
communication system. The first and second seal rings are
retained against a shear ring frangibly affixed to the second
tubing. The first and second seal rings maintain sealing at
250° C. and greater. The first and second seal rings are not
substantially plastically deformed 1n sealing. The plurality of
split seal rings are arranged so that the split 1n each ring 1s
overlapped by the solid portion of another seal ring. A plu-
rality of the seal rings are C-shaped having a gap between
ends of the seal ring. A plurality of the seal rings have a
protrusion on a lateral surface thereot configured to fit in the
gap ol an adjacent seal ring and retain the adjacent seal rings
so that the gap of one 1s overlapped by a solid portion of the
other. The first and second tubings are elements of an expan-
sion joint. The second tubing 1s a liner. Passage of flow
through the split of one of the seal rings 1s sealed against with
another of the seal rings. The seal ring 1s retained relative to
the second tubing with a shear ring frangibly affixed to the
second tubing. The shear ring 1s released from the second
tubing to release the seal ring from sealing between the first
and second tubings. Releasing 1s performed by shearing a
shear member affixing the shear ring to the second tubing.

The details of one or more embodiments of the imvention
are set forth 1n the accompanying drawings and the descrip-
tion below. Other features, objects, and advantages of the
invention will be apparent from the description and drawings,
and from the claims.

DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic view of an example well system.

FIGS. 2A and 2B are side cross-sectional views ol an
example expansion joint, wherein FIG. 2A depicts the
example expansion joint in an extended state and FIG. 2B
depicts the expansion join 1n a retracted state.

FIG. 3 1s a side cross-sectional view of another example
expansion joint.

FIGS. 4A-4C are cross-sectional views of another example
expansion joint, wherein FIG. 4A 1s a side cross-sectional
view, FIG. 4B 1s a detail side cross-sectional view, and FIG.
4C 15 an end cross-sectional view along line C-C.

FIG. 5 1s a side cross-sectional view of another example
expansion joint.

FIGS. 6A-6F are side cross-sectional views of another
example expansion joint, wherein FIG. 6A depicts the
example expansion joint in an extended state, FIG. 6B 1s a
detail of B, FIG. 6C depicts the example expansion joint in an
extended state.

FIG. 6D 1s a detail of D, FIG. 6E depicts the example

expansion joint in a retracted state, and FIG. 6F 1s a detail of
F.

FIG. 7 1s a side cross-sectional view of a sealing system of
an expansion joint.

FIGS. 8A and 8B are perspective views of a seal ring for
use 1n sealing aspect of FIG. 7.
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FIGS. 9A, 9B, and 9C are side cross-sectional views of an
example sealing system.

Like reference symbols 1n the various drawings indicate
like elements.

DETAILED DESCRIPTION

FIG. 1 depicts an example well system 100 for thermally
enhanced resource recovery ifrom a subterranean zone 110.
The well system 100 delivers heated treatment fluid to the
subterrancan zone 110 and produces reservoir fluids to the
surface. The subterranean zone 110 can include an entire
formation, multiple formations, or a portion of a fluid pro-
ducing formation. Well system 110 1s an example of a Steam
Assisted Gravity Drainage (SAGD) system. The system 100
includes a lateral injection wellbore 112 and a lateral produc-
tion wellbore 114 extending from a primary or main wellbore
116 1nto the subterranean zone 110. As illustrated, treatment
fluids for thermally enhanced resource recovery are ijected
into the subterranean zone 110 through the injection wellbore
112 and reservoir tluids are produced from the subterranean
zone 110 through the production wellbore 114. The main
wellbore 116 extends from the terranean surface 120 to a
casing footer 117 1n or near the subterranean zone 110. The
production wellbore 114 extends from the end of the main
wellbore 116. In certain instances, fewer or more lateral well-
bores can be provided extending from the main wellbore 116.

A permeable 1njection liner string 118 1s disposed 1 the
injection wellbore 112. The injection liner 118 includes aper-
tured tubing, sand screens and/or other types of permeable
tubing and 1s adapted to communicate treatment fluids into
the subterrancan zone 110. The mjection liner 118 extends
from a liner junction device 124 installed at the junction 132
between the imjection wellbore 112 and the main wellbore
116. The 1llustrated liner junction device 124 includes an
upper seal assembly 128 (e.g., a packer, a packer liner hanger,
a high temperature seal such as that described with respect to
FIG. 7, and/or other seal assembly) that engages the casing
158 of the main wellbore 116 (e.g., by slips, a profile and/or
otherwise) to support the liner junction device 124 and/or
other seal assembly. A second leg 136 of junction 132 extends
downhole direction 1n the main wellbore and 1s sealingly
coupled to a lower lateral tiecback and seal assembly 164
disposed in the main wellbore 116 downhole of the junction
132. In certain instances, the second leg 136 stabs 1nto and
seals 1n a polished bore receptacle 130 1n the lower lateral
tieback and seal assembly 164. In certain instances, the sec-
ond leg 136 can seal to the polished bore receptacle with a
high temperature seal such as that described below with
respectto FIG. 7. The first leg 138 of the liner junction device
124 extends from the body 134 of the liner junction device
124 into the 1njection wellbore 112 and 1s coupled to the
injection liner 118, for example, at a swivel joint 146. The
lateral tieback and seal assembly 164 can engage the casing
158 of the main wellbore 116 with a latch assembly 165. One
example of a latch assembly that can be used 1n the systems
described herein includes a LatchRite® assembly commer-
cially available from Halliburton Energy Services, Inc. The
uphole end of the lower lateral tieback and seal assembly 164
includes a bore detlector 140, adapted to deflect the injection
liner 118 1nto the injection wellbore 112 when the 1njection
liner 118 and liner junction device 124 are run-in through the
main wellbore 116. Examples of junction devices that can be
used 1n the described configuration include the FlexRite®
junction produced by Halliburton Energy Services, Inc., the
RapidExclude™ junction produced by Schlumberger, and/or
other junctions. In certain mstances, the FlexRite® junction
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used in this context can provide a Technical Advancement of
Multilaterals (TAML) level 5 seal. In other words, the junc-
tion 1s sealed against flow of gas and/or liquid, so that all or
substantially all flow from the production wellbore 114 and
flow to the mjection wellbore 112 1s retained within the liner
junction device 124.

In the 1llustrated embodiment, a swivel 146 connects the
liner junction device 124 to the mnjection liner 118, and allows
the 1njection liner 118 to rotate (1.e., swivel) around its central
axis. The liner junction device 124 can be configured with a
seal 126 (e.g., a swellable packer, an inflatable packer, a high
temperature seal such as described with respect to FIG. 7
below, and/or other seal) to seal against flow from the injec-
tion wellbore 112 1nto the main wellbore 116 1n the annulus
between the injection liner 118 and a wall of the 1injection
wellbore 112. Additionally or alternatively, a seal in the annu-
lus between the injection liner 118 and the wall of the 1njec-
tion wellbore 112 may be formed by depositing cement 1n the
annulus. In certain instances, the cement may be a thermally
resistant cement such as STEAMSEAL® cement available
from Halliburton Energy Services, Inc.

One or more expansion joints 148 1s provided 1n the 1njec-
tion liner 118. FIG. 1 shows an expansion joint 148 at the
interface between the swivel 146 and the injection liner 118.
The expansion joint 148 1s a device configured to expand
and/or retract axially. Additional details on the expansion
joit 148 are described below.

One or more flow distribution valves 152 can be included 1n
the liner 118 to distribute and/or control flow from the interior
of the liner 118 into the subterranean zone 110. Some
examples of tlow distribution valves 152 are described in U.S.
patent application Ser. No. 12/039,206, entitled “Phase-Con-
trolled Well Flow Control and Associated Methods,” U.S.
patent application Ser. No. 12/123,682, entitled “Flow Con-
trol 1n a Wellbore,” And U.S. Pat. No. 7,032,675, entitled
“Thermally Controlled Valves and Methods of Using the
Same 1n a Wellbore.” The flow distribution valves 152 can
either be concentrically deployed inside the lateral injection
liner 118 using a separate tubular or can be deployed with the
liner 118. Blank pipe and/or packers can additionally
included 1n the injection liner 118 to compartmentalize the
flow through distribution valves 152.

A treatment fluid injection string 156 extends from well-
head 142 down main wellbore 116, through the first leg 138 of
the liner junction device 124, and terminates in the liner 118.
The 1njection string 156 1s coupled to a source of heated
treatment fluid 157 at the surface 120, or as discussed below,
withinwell system 100 (e.g., a downhole fluid heater). Heated
fluid, such as steam, air, carbon dioxide and/or other fluids,
can be 1mjected into the subterranean zone via the treatment
fluid 1nmjection string 156. In the 1llustrated embodiment, a
seal centralizer 160 disposed 1n the main wellbore 116 helps
set the positions of the treatment fluid injection string 156 and
a production pump 162 (e.g., an ilet for a rod pump, an
clectric submersible pump, a progressive cavity pump, and/or
other tluid liit system). Produced reservoir fluids that flow up
from the production lateral 114, through the liner junction
124 can be produced to the surface with the production pump
162.

Seals 144 are positioned to provide a seal between an outer
surface of the treatment fluid injection string 156 and an 1nner
surface of the first leg 138. In other instances, the seals 144
can be positioned to seal against the interior of the lateral
injection liner 118 or another component downhole from the
junction liner device 124. The seals 144 seal against the return
flow of treatment tluid (1n liquid and/or gaseous form) along
the annulus between the treatment fluid mjection string 156
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and the mner surface of the first leg 138 1nto the liner junction
device 124. In certain instances, the seals 144 can include a
polished bore receptacle, packer and/or other type of seal.
Although three seals 144 are depicted, fewer or more seals
can be provided.

A permeable production liner string 170 extends 1nto the
production wellbore 114. The lower lateral tieback and seal
assembly 164 includes lower lateral space out tubing 166 that
extends downhole to the production lateral liner 170. The
downhole end of the lower lateral space out tubing 166 is
sealingly received 1n a lower seal assembly 168 disposed 1n
the main wellbore 116. Some examples of lower seal assem-
bly 168 include a packer, a packer liner hanger that engages
the casing 158 of the main wellbore 116 (e.g., by slips, a
profile and/or otherwise) to support the production lateral
liner 170 and/or other seal assembly. Additionally or alterna-
tively, a seal 1 the annulus between the production lateral
liner 170 and the wall of the production wellbore 114 may be
formed by depositing cement 1n the annulus. In certain
instances, the cement may be a thermally resistant cement.
Like the injection liner 118, the production lateral liner 170
can mnclude one or more joints of permeable tubing 154, one
or more flow distribution valves 152 (e.g., to control/distrib-
ute intlow 1nto the interior of the liner 170) and one or more
expansion joints 148. The tlow distribution valves 152 can
either be concentrically deployed 1nside the production liner
170 using a separate tubular or can be deployed with the liner
170. Blank pipe and/or additional packers can be included 1n
the production liner 170 to compartmentalize the flow
through distribution valves 152.

The expansion joint 148 can be configured to absorb, and
thus 1solate, the remainder of the system 100 from axial
expansion and/or contraction of injection liner 118 and/or
production liner 170 due to thermal effects. For example,
injecting heated treatment fluid into the subterranean zone
110 through the injection liner 118 tends to cause the 1njection
liner 118 to expand. The expansion joint 148 can be config-
ured to retract from an axially extended state in an amount
equal to the axial expansion of the injection liner 118 com-
municated to the expansion joint 148. In doing so, the expan-
sion joint 148 will 1solate the remainder of the system 100
from the axial expansion of the injection liner 118. After the
heated treatment fluid 1njection has ceased and the subterra-
nean zone 110 begins to cool. The mjection liner 118 likewise
cools and thus tends to contract. The expansion joint 148 can
be configured to extend from an axially retracted state in an
amount equal to the axial contraction of the liner 118 that 1s
communicated to the expansion joint 148. In doing so, 1t will
1solate the remainder of the system 100 from the contraction
of the injection liner 118. In a similar manner, the expansion
joint 148 1n the production liner 170 1solates the remainder of
the system 100 from expansion and contraction of the pro-
duction liner 170.

Although shown as one expansion joint 148 in each of the
injection liner 118 and production liner 170, multiple expan-
s1on joints 148 can be provided 1in one or both of the liners.
The expansion/retraction capacity of expansion joints 148
provided 1n the same string 1s additive. For example, two
expansion joints 148 of the same expansion/retraction capac-
ity provided in the same string can provide two times the total
expansion/retraction capacity, three expansion joints 148 of
the same expansion/retraction capacity provided in the same
string can provide three times the total expansion/retraction
capacity, and so on. Thus, in certain instances, multiple
expansion joints 148 can be provided in the injection liner 118
and/or production liner 170 to increase the amount of axial
expansion/retraction that can be absorbed. Multiple expan-
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s10on joints 148 may alternatively or additionally be provided
at different locations along the injection liner 118 and/or
production liner 170 to absorb expansion/contraction at dif-
terent locations. The expansion joints 148 can be provided at
equal and/or unequal intervals along the length. In certain
instances, the expansion joints 148 can be arranged based on
a temperature profile of the injection liner 118 and/or produc-
tion liner 170, locations of mechanical constraints (e.g., inter-
faces with other components or equipment, such as liner
junction device 124, lower seal assembly 168 and/or other)
and/or based on other factors. For example, the heel of the
injection liner 118 and the heel of the production liner 170 are
constramed by interfaces with the liner junction device 124
and lower seal assembly 168, respectively. In some configu-
rations, the heel of the injection liner 118 may also be subject
to greater temperature variation, and thus greater expansion/
contraction, than other portions of the injection liner 118.
Thus, 1t may be desirable to provide a greater concentration
(e.g., number per unit length of liner) of expansion joints 148
can be provided near the heel of the injection liner 118 and/or
production liner 170.

In certain imstances, the expansion joint 148 can be config-
ured to be selectively changeable between axially rigid and
not rigid (1.e., able to axially extend and/or retract). The
expansion joint 148 can be configured to change from axially
rigid to not rigid mechanically (e.g., by mechanical manipu-
lation of the expansion joint 148 via the string, a tool for
changing the expansion joint 148, and/or otherwise), 1n
response to hydraulic pressure (e.g., pressure in the bore
and/or about the exterior of the expansion joint 148, pressure
via a hydraulic signal passage to the expansion joint, and/or
otherwise), 1n response to temperature and/or 1n another man-
ner. For example, the expansion joint 148 can be configured
rigid to maintain the extended state while pushing a string of
tubing and/or equipment (e.g., injection liner 118 or produc-
tion liner 170, discussed below) into a wellbore. When
changed to not rigid, the expansion joint 148 can axially
retract and subsequently axially extend to account for thermal
expansion/retraction of a string of tubing and/or equipment
(e.g., injection liner 118 or production liner 170) coupled to
the expansion joint 148.

In 1nstances where the expansion joint 148 1s changeable
from axially rigid to not rigid when subject to a specified
temperature (hereinafter the “actuation temperature™), the
expansion joint can be configured to be rigid when above the
actuation temperature and not rigid when below the actuation
temperature or vice versa. The actuation temperature can be
selected 1n relation to the temperature conditions to which the
expansion joint 148 will be exposed. It 1s possible that expan-
s10on joints 148 1n different locations 1n system 100 will have
different actuation temperatures.

In certain mstances, the expansion joint 148 can be config-
ured with an actuation temperature that ensures the expansion
jomt 148 1s rigid while being run-in to facilitate pushing a
string of tubing and/or equipment coupled to the expansion
joint 200 into a wellbore (e.g., pushing the injection liner 118
and/or production liner 170 1nto 1ts respective wellbore). The
actuation temperature, however, can be such that after expan-
s1on joint 200 and any string coupled to 1t are 1n place, the
expansion joint 200 becomes not rigid when the expansion
joint 200 and/or string coupled to it are subjected to thermal
conditions that cause substantive expansion and/or contrac-
tion. In one example, the expansion joint 148 provided in
injection liner 118 is configured with an actuation tempera-
ture that 1s above the ambient temperature 1n the main well-
bore 116 and 1njection wellbore 112, but 1s within or below
the expected range of temperatures of the expansion joint 148




US 8,485,268 B2

9

when heated treatment fluid 1s 1njected through injection liner
118 into 1njection wellbore 112. As such, the expansion joint
148 15 rigid while injection liner 118 1s run into 1njection
wellbore 112 at ambient temperatures. Thereatter, the expan-
s1on joint 148 1s not rigid as heated treatment fluid 1s injected
through mjection liner 118 into the wellbore 112. In another
example, the expansion joint 148 provided 1n production liner
170 can be configured with an actuation temperature that 1s
above the ambient temperature 1n the main wellbore 116 and
production wellbore 112, but 1s within or below the expected
range of temperatures of the expansion joint 148 when reser-
voir tluids are produced from production wellbore 114
through production liner 118. In certain 1instances, the actua-
tion temperature can be a temperature in the range of 100-
200° C., 200-300° C., 300-400° C. or other temperature above
400° C. or below 100° C.

In the illustrated embodiment, the main wellbore 116 has a
substantially vertical entry portion extending from the terra-
nean surface 120 that then deviates to form a slanted portion
from which substantially horizontal lateral wellbores extend
into to the subterranean zone 110. However, the systems and
methods described herein can also be used with other well-
bore configurations (e.g., slanted wellbores, horizontal well-
bores, and other configurations) and other types of systems
that communicate heated fluid 1n a subterranean zone.
Example systems that communicate heated fluid 1n a subter-
ranean zone include systems that use a common well bore for
injection and production (e.g. huif-n-pull systems, cyclic
injection systems and/or other systems) and systems with
separate mnjection and producer wells (e.g., SAGD and/or
others) and/or others. For example, the concepts described
herein could be use 1n connection with o1l shale superheated
air (SHA) 1njection, o1l shale heated carbon dioxide 1injection
(e.g. Chevron CRUSH), geothermal production & 1njection
wells, hot water 1njection, firetlooding and/or in other appli-
cations. The systems and methods described herein can also
be used i1n strings used for thermal monitoring applications,
including temperature sensing and/or others, where a thermal
monitoring string 1s positioned 1 a well bore adjacent to a
production and/or mjection string.

In some cases, a downhole tluid lift system, operable to lift
fluids towards the terranean surface 120, 1s at least partially
disposed in the wellbore 114 and may be integrated into,
coupled to or otherwise associated with a production tubing
string (not shown). To accomplish this process of combining
artificial lift systems with heated treatment fluid 1njection, a
downhole cooling system can be deployed for cooling the
artificial lift system and other components of a completion
system. Such systems are discussed in more detail, for
example, 1n U.S. Pat. App. Pub. No. 2008/0083536, entitled
“Producing Resources Using Steam Injection.” Other down-
hole fluid it systems and methods can also be used.

In certain instances, a downhole fluid heater (e.g., steam
generator) can be provided in the well. For example, PCT
Application No. PCT/US2008/069249, entitled Heated Fluid
Injection Using Multilateral Wells™ describes such a system
that can be incorporated into system 100. The downhole fluid
heater can be sealingly received 1n a polished bore receptacle
coupled to liner 118 and 1n the lateral injection wellbore 112.

Turning now to FIGS. 2A through 6F, example expansion
joints suitable for use as expansion joint 148 are described.
FIGS. 2A-B show an example expansion joint 200 that
includes a tubular outer housing 202 internally telescopically
receiving a tubular inner body 204. FIG. 2A depicts the
expansion joint 200 1n a fully axially extended state with the
inner body 204 extended from the outer housing 202. The
expansion joint 208 can retract to an axially retracted state
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with the inner body 204 internally recerved within the outer
housing 202. FIG. 2B depicts the expansion joint 208 1n the
tully axially retracted state. If subjected to temperatures
below a specified temperature (referred to herein as the
“actuation temperature”), the expansion joint 200 1s rigid and
can maintain an retracted/extended states under certain loads.

For example, 1n certain instances, the expansion joint 208 can
maintain an extended or fully extended state when subjected
to loads applied to the expansion joint 200 while pushing a
string 1to a wellbore (e.g., liner 118 into 1injection wellbore
112). Ofnote, the term “tubular’ 1s intended to encompass not
only cylindrical shapes (as shown), but also shapes with tr1-
angular, rectangular, hexagonal, octagonal and/or other
cross-sectional shapes.

In certain 1nstances, the outer housing 202 and the inner
body 204 can be formed 1n a single part or multi-part con-
struction. FIG. 2A depicts the outer housing 202 having a
coupling end segment 206 configured to couple to other tub-
ing. The coupling end segment 206 1s sealingly coupled to an
intermediate housing segment 208, that 1n turn, 1s sealingly
coupled to a mward facing rib 211 and another intermediate
housing segment 208. Finally, the outer housing 202 includes
a guiding segment 212 sealingly coupled to the intermediate
housing segment 208. FIG. 2A depicts the inner body 204
having a coupling end segment 214 at an opposite end of the
expansion joint 200 from the coupling end segment 206. As
with coupling end segment 206, the coupling end segment
214 1s configured to couple to other tubing, for example, by
threading and/or otherwise. The coupling end segment 214 1s
sealingly coupled to an intermediate body segment 216, that
in turn, 1s sealingly coupled to another intermediate body
segment 216. Finally, the inner body 204 includes a guiding
segment 218 sealingly coupled to the intermediate body seg-
ment 216. The sealing coupling between the various segments
206-218 and between the coupling end segment 206 and other
tubing can be by mating male and female threads and/or other
methods of direct or indirect coupling.

The iner body 204 has a smaller outer diameter than the
inner diameter of the outer housing 202, and thus defines an
annulus 220 therebetween. Guiding segments 212 and 218
substantially concentrically support the mnner body 204
within the outer housing 202. Guiding segment 212 seals to
an outer surface of intermediate body segment 216. Similarly,
guiding segment 218 seals to an inner surface of the interme-
diate housing segment 208. In certain istances, the guiding
segment 212 and/or the gmiding segment 218 can seal using
o-rings, other polymer or metallic seal rings, and/or other
seals. One example of a suitable sealing system having metal-
lic seal rings 1s described below with reference to FIG. 7.

The coupling end segment 206 defines an inward facing,
retraction stop shoulder 224 that abuts the guiding segment
218 to stop further axial retraction of the inner body 204 when
the expansion joint 200 1s 1n the fully axially retracted state.
Similarly, the inward facing rib 211 a smaller inner diameter
than the remainder of the outer housing 202 and defines an
inward facing, expansion stop shoulder 226. Expansion stop
shoulder 226 abuts a corresponding shoulder 228 on the inter-
mediate body section 216 to stop further axial extension of the
inner body 204 when the expansion joint 200 1s the fully
axially extended state. The imntermediate body segments 216
define a circumierential outward facing rib 232 of larger outer
diameter than the remainder of the intermediate body seg-
ment 216. In FIGS. 2A and 2B, the mtermediate body seg-
ments 216 are depicted as external upset tubing, and the
outward facing rib 232 1s defined by an externally upset
portion. However, the outward facing rib 232 can be a rib that
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1s machined, welded, bolted, or otherwise provided on the
intermediate body segments 216.

Because the annulus 220 1s axially bounded between guid-
ing segment 212 and guiding segment 218, the axial length of
the annulus 220 expands and retracts with the expansion and
retraction of the expansion joint 200. The annulus 220 con-
tains a phase change material 230 having a specified melting,
temperature, above which the phase change material 230 1s
flowable (e.g., gas or liquid) and below which the phase
change material 230 1s solid (1.e., not flowable). Some
examples of phase change materials include eutectic materi-
als, polymer phase change materials and/or other materials.
When the expansion joint 200 1s 1n the axially extended state,
a substantial volume of the annulus 220 1s located between the
inward facing rib 211 and seals of the guiding segment 212 on
the outer housing 202. The volume of the annulus 220 located
between the inward facing rib 211 and the seals of the guiding
segment 218 on the inner body 204 1s comparatively small. In
this state, the phase change material 230 fills the annulus 220.
As the expansion joint 200 1s axially retracted, the outward
facing rib 232 moves towards the inward facing rib 211. The
inward facing rib 211 and outward facing rib 232 together
define a profile 1n the annulus 220 that 1s engaged by the phase
change material 230. Thus, when the phase change material
230 1s solid 1t grippingly engages the profile defined by the
inward facing rib 211 and the outward facing rib 232, and
makes the expansion joint 200 rigid. Stated differently, the
phase change material limits or prevents axial retraction/
extension of the expansion joint 200 by limiting or preventing
movement of the outward facing rib 232 toward the inward
facing rib 211. When the phase change material 230 1s tlow-
able (e.g., liqud, substantially liquid and/or gas) 1t allows
axial retraction/extension ol the expansion joint 200 by
allowing movement of the outward facing rib 232 toward the
inward facing rib 211.

In operation, the expansion joint 200 can be set 1 an
extended state (e.g., a fully or partially extended state) and
rigidly retained 1n the extended state by maintaining the phase
change material 230 below the actuation temperature. The
expansion joint 200 then operates similar to a segment of ngid
tubing, and can be used to push a string of tubing and/or
equipment coupled to the expansion joint 200 into a wellbore.
In certain instances, the phase change material 230 can be
maintained below the actuation temperature by maintaining
the ambient temperature about an exterior of and inside the
expansion joint 200 below the actuation temperature. If the
actuation temperature 1s selected to be above the ambient
temperature 1n the wellbore, no active steps are needed to
maintain the expansion joint 200 rnigid. The expansion joint
200 can be changed to be not ngid by heating the phase
change material 230 above the actuation temperature. As the
phase change material 230 becomes tlowable, the expansion
joint 200 can retract and extend as needed. In certain
instances, the phase change material 230 can be heated above
the actuation temperature by tlowing tluid that 1s at or above
the actuation temperature through the interior and/or about an
exterior of the expansion joint 200. For example, 11 the expan-
s10n joint 200 1s provided 1n an injection string for thermally
enhanced resource recovery, the actuation temperature can be
selected such that imjecting the heated treatment fluid (e.g.,
steam ) through the 1njection string will raise the temperature
of the phase change material 230 above the actuation tem-
perature and cause the expansion joint 200 to become not
rigid. The expansion joint 200 can thereafter be changed
between not rigid and rigid, as desired, by heating or cooling,
(or allowing to cool) the phase change material 230. In certain
instances, fluid at a temperature below the actuation tempera-
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ture can be tlowed about an exterior of or inside the expansion
jomt 200 to cool the phase change material 230 below the
actuation temperature.

Of note, multiple inward facing ribs 211 and outward fac-
ing ribs 232 can be provided to define two or more deposits of
phase change material 230. For example, FIG. 3 shows an
alternate expansion joint 300 having two inward facing ribs
211 and two outward facing ribs 232 defining two deposits of
phase change material 230. Such a configuration increases the
load capacity, 1.e. the resistance against retraction/extension
of the expansion joint 200 when the phase change material
230 1s solid, by distributing the loads applied on the phase
change material 230 over a greater surface area. Other aspects
and operation of expansion joint 300 are similar to the expan-
s1on joint 200 described above.

The inward facing and outward facing ribs can take differ-
ent forms. For example, F1IGS. 4A-C show an alternate expan-
s1on joint 400 having numerous mward facing ribs 434 and
numerous outward facing ribs 432 of a different configuration
than those of FIGS. 2A-B. As seen best seen 1n FIG. 4C, the
tubular outer housing 402 and tubular inner body 404 define
a plurality of axially oriented elongate annular spaces 420
therebetween. In some 1nstances, the housing 402 and the
inner body 404 define a single circumierential chamber rather
than multiple axially oriented spaces 420. Each contains
phase change material 230. The ribs 434 and ribs 432 are
circumierentially oriented 1n the elongate annular spaces 420.
As above, the inward facing ribs 434 and outward facing ribs
432 together define a profile that 1s engaged by the plase
change material 230 when solid. Thus, when the phase
change material 230 1s solid, 1t grippingly engages the inward
facing ribs 434 and the outward facing ribs 432, and makes
the expansion joint 400 rigid. When the phase change mate-
rial 230 1s tlowable, 1t can tlow from the axial annular spaces
420 1nto an adjacent collection space 440 1n the inner body
404 to allow axial retraction/extension of the expansion joint
400. FIG. 4A depicts the expansion joint 400 i an fully
extended state, and thus no further axial extension is possible.
However, the expansion joint 400 can be mitially arranged
with the inner body 404 received further into the outer hous-
ing 402 to allow 1n1tial axial expansion as desired. Also, after
an 1itial axial retraction from the fully extended state, the
expansion joint 400 can thereafter extend. Although twelve
clongate annular spaces 420 are shown, fewer or more can be
provided. Expansion joint 400 further includes guide pins 436
(two shown, one or more can be provided) carried on the outer
housing 402 that engage axial slots 438 1n the inner body 404.
The guide pins 436 and axial slots 438 cooperate to prevent
rotation of the outer housing 402 relative to the mner body
404, yet allow axial retraction/expansion of the expansion
joint 400. Similar guide pins and slots can be provided on the
other expansion joints described herein. Other aspects and
operation of expansion joint 400 are similar to the expansion
jomt 200 described above. For example, as above, the guiding
segment can seal to the outer housing 402 using o-rings, other
polymer or metallic seal rings (e.g. as 1n FIG. 7 and/or other-
wise), and/or other seals.

In certain 1instances, the phase change material cooperates
with another fluid 1n operation of the expansion joint. In the
example expansion joint 500 of FIG. 5, the annulus 520
between the tubular outer housing 502 and tubular inner body
504 defines a sealed hydraulic volume. The annulus 520 is
sealed at one end at the interface of the outer housing 502 and
inner body 304 (e.g., by o-rings and/or otherwise). The phase
change material 230, when solid, resides 1n a circumierential
receptacle 544 defined on inner body 504 and abuts the outer
housing 502 to seal the other end of the annulus 520. The
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annulus 520 1s filled with a fluid 342 (e.g., an incompressible
liquid and/or other fluid). The fluid 542 supports axial loads
applied to the expansion joint 500 when the phase change
material 230 1s solid, because the fluid 1s sealed 1n the annulus
520 by the phase change material 230. Thus, when the phase
change material 230 1s solid, the expansion joint 500 1s rigid.
When the phase change material 230 1s flowable, i1t can flow
from the circumierential receptacle 544 into an adjacent col-
lection space 540 1n the inner body 504, unsealing the annulus
520. With the annulus 520 unsealed, the fluid 542 is free to
flow 1nto the adjacent collection space 540 and allow axial
retraction/extension of the expansion joint 500. FI1G. S depicts
the expansion joint 500 1n an fully extended state, and thus no
turther axial extension 1s possible. However, the expansion
joint 500 can be mitially arranged with the mner body 504
received further into the outer housing 502 to allow 1initial
axial expansion as desired. Also, after an 1nitial axial retrac-
tion from the fully extended state, the expansion joint 500 can
thereafter extend. As above, expansion joint 500 further
includes guide pins 536 (two shown, one or more can be
provided) carried on the outer housing 502 that engage axial
slots 5338 1n the inner body 504. The guide pins 536 and axial
slots 338 cooperate to prevent rotation of the outer housing
502 relative to the mner body 504, yet allow axial retraction/
expansion. Other aspects and operation of expansion joint
500 are similar to the expansion joint 200 described above.
For example, as above, the guiding segment 518 can seal to
the outer housing 502 using o-rings, other polymer or metallic
seal rings (e.g. as 1n FIG. 7 and/or otherwise), and/or other
seals.

In certain instances, a thermally responsive shape change
material can be used 1n lieu of or in combination with a phase
change material. In the example expansion joint 600 depicted
in FIGS. 6 A-F, the annulus 620 between the tubular outer
housing 602 and tubular body 604 includes a thermally
responsive shape change material 646. In certain instances,
the shape change material 646 1s a one way shape memory
metal that can be plastically deformed from an initial state,
but will return to the 1nitial state 1n response to application of
a temperature at or above a specified temperature (referred to
herein as the “actuation temperature™). In certain instances,
the shape change maternial 646 1s a two way shape memory
metal that can be configured to take an 1nitial shape at one
temperature and a different shape at or above the actuation
temperature. Other shape change materials are within the
scope ol the concepts described herein. Some examples of
shape change materials include cobalt-nickel-aluminum
alloys, cobalt-nickel-gallium alloys, nickel-titamium alloys,
nickel-iron-gallium alloys and/or other shape change materi-
als.

In the instant example, the shape change material 646 1s
configured 1n a helically wound strip. The shape change mate-
rial 646 1s configured to take a first outer diameter at or above
the actuation temperature and to take a second, larger outer
diameter approximately equal to the inner diameter of the
annulus 620 below the actuation temperature. Thus, at tem-
peratures below the actuation temperature the shape change
material 646 abuts the inner diameter of the annulus 620 (best
seen 1n FIG. 6B). When at a temperature at or above the
actuation temperature, the shape change material 646 con-
tracts to the first outer diameter, away from the inner diameter

of the annulus 620 (best seen 1n FIGS. 6D and 6F).

The annulus 620 contains an interference member 648 that
cooperates with the shape change material 646 to limit refrac-
tion of the expansion joint 600. In the instant example, the
interference member 648 1s configured as a helically wound
strip with an 1nner diameter greater than the first outer diam-
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cter of the shape change material 646. The pitch of the helix
1s similar to the pitch of the helix of shape change material
646, such that the shape change material 646 and the inter-
ference member 648 nest when the shape change material 646
1s at the second, larger outer diameter. Thus, when the shape
change material 646 1s at temperatures below the actuation
temperature, it nests with the interference member 648 (best
seen 1 FIG. 6B). When the shape change material 646 1s at
the actuation temperature or higher, it returns to the first outer
diameter out of engagement with the interference member
648 (best seen 1n FIG. 6D). In the nested state, the shape
change material 646 and interference member 648 form an
axially rigid structure that reacts against inward facing rib 634
and outward facing rib 632 to make the expansion joint 600
rigid. When the shape change material 646 1s out of engage-
ment with the interference member 648, the shape change
material 646 and interference member 648 collapse similar to
a coiled spring (best seen 1n FIG. 6F), and allow the 1nner
body 604 to be recerved ito the outer body 602 and the
expansion joint 600 to axially retract and thereafter extend.
After having been retracted, the expansion joint 600 can be
axially extended and returned to being rigid by lowering the
temperature of the shape change material 646 below the
actuation temperature. Other aspects and operation of expan-
s10n joint 600 are similar to the expansion joint 200 described
above.

Although described with a helical shape change material
646 and interference member 648, the shape change material
646 and interference member 648 can take different forms. In
another example, the shape change material 646 and 1nterfer-
ence member 648 are rings. The shape change material 646
and 1nterference member 648 can take still other forms.

Turming now to FIGS. 7, 8A-B, and 9A-C an example
sealing system 700 suited for high temperature applications 1s
shown. The sealing system 700 incorporates a plurality of
metal seal rings 702 that seal between an outer tubular 704
and an 1nner tubular 706. In certain instances, the seal rings
702 are not solid circular rings, but rather split (1.e., having
ends). In certain instances, the seal rings 702 are C-shaped
and 1nclude a gap 703 between its ends. The C-shaped seal
rings 702 can be employed in sets of two or more (sets of three
shown) seal rings 702 so that the gap 703 1n one C-shaped seal
ring 702 1s overlapped by a solid portion of an adjacent seal
ring 702. The gap 703 1s overlapped so that, 1n operation, the
gap 703 1s covered and sealed by the adjacent seal ring 702.
One or more of the seal rings 702 1n a set can include a surface
protrusion 708 (best seen 1n FIG. 8B) on a lateral surface of
the seal ring 702 si1zed to it in the gap 703 of an adjacent seal
ring 702. When the surface protrusion 708 of a first seal ring
702 1s recerved 1n the gap 703 of a second seal ring 702, the
two seal rings 702 are retained relative to one another so that
the opening of each ring 1s overlapped by the other. In an
instance where there are three seal rings 702, as in FIG. 7,
providing two with the surface protrusion 708 enables all
three to be engaged together. In most instances, providing one
tewer seal rings 702 with a surface protrusion 708 than the
total number of seal rings 702 will sullice to retain the rings
relative to one another. In certain istances, seal rings 702 can
be configured such that one end of a given seal ring 702
overlaps its other end. The overlapping configuration of seal
ring 702 has no gap.

The outer circumierential surface of the seal rings 702 seals
against an 1nterior sealing surface 710 of the outer tubular
704. In certain 1nstances, the interior sealing surface 710 1s a
polished bore receptacle having a surface that has been
machined, ground or otherwise formed to have a smooth
surface finish. The outer diameter of seal rings 702 1s slightly
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larger that the inner diameter of the sealing surface 710. As
such, the seal rings 702 are spring biased against the outer
tubular 704. The gap 703 and/or split 1n the seal rings 702
improves the radial resiliency of the seal rings 702. The
sealing surface 710 can be long enough that as the inner
tubular 706 moves axially relative to the sealing surface 710
(e.g., due to thermal expansion and contraction of the outer
tubular 704 and/or mner tubular 706 and/or other relative
movement of the outer tubular 704 and 1nner tubular 706) the
seal rings 702 remain engaged and sealing to the sealing
surface 710. The mner diameter of the outer tubular 704 can
be ramped, smoothly stepped or otherwise reduce 1n diameter
towards the sealing surface 710, so that the seal rings 702
reside out of contact with the outer tubular 704 until received
into the sealing surface 710.

The sets of seal rings 702 are received over the inner tubular
706 and retained between pairs of shoulders 712 defined on
the inner tubular 706. A spring 718 (e.g. Bellville spring,
conical washer and/or other spring) can be provided between
cach pair of shoulders 712 to bias the seal rings 702 against
one another and against one of the shoulders 712. The shoul-
ders 712 can be integral with the mner tubular 706 (e.g., by
being machined, cast, forged and/or otherwise). In certain
instances, however, one or more of the shoulders 712 can be
defined by shear rings 714 that are frangibly fixed to the inner
tubular 706 by a shear pin or bolt 716. As described in more
detail below, attaching the shear rings 714 to the inner tubular
706 with a shear pin or bolt 716 can provide a contingency to
release the seal rings 702 from between the shoulders 712. In
certain instances, sets of seal rings 702 can be arranged on the
inner tubular 706 1n pairs spaced apart by a portion 722 of the
inner tubular 706 having a smaller outer diameter than the
portion on which the seal rings 702 are recerved. As discussed
in more detail below, the portion 722 of smaller diameter on
the mner tubular 706 facilitates contingency release of the
seal rings 702. FIG. 9A depicts an embodiment with four sets
of seal rings 702. Fewer or more sets of seal rings 702 can be
provided. Providing multiple sets of seal rings 702 provides
sealing redundancy.

In operation, as depicted in FIGS. 9A and 9B, the iner
tubular 706 carrving the seal rings 702 1s inserted into the
outer tubular 704 such that the seal rings 702 land and seal on
the sealing surface 710. Unlike many metal seal systems, the
seal rings 702 need not plastically deform to seal between the
inner tubular 706 and outer tubular 704. The inner tubular 706
may carry a guard member 720 (¢.g., a collet, spring central-
izer and/or other device) that precedes and protects the seal
rings 702 as they enter the sealing surface 710. In certain
instances, sets or multiple sets of seal rings 702 are bounded
by guard members 720 and the guard members 720 operate to
centralize the inner tubular 706 1n the outer tubular 704. FI1G.
9 A shows four sets of seal rings 702 axially bounded by guard
members 720. In other instances, fewer or more guard mem-
bers 720 can be provided or the guard members 720 can be
omitted.

As seen 1n FIG. 9C, one or more sets of the seal rings 702
can be released from between shoulders 712 by releasing an
adjacent shear ring 714 (e.g., by shearing the shear pin or bolt
716). Releasing sets of seal rings 702 from between shoulders
712 can provide a contingency to address situations where
one or more of the seal rings 702 cannot pass freely through
the outer tubular 704. For example, 1f a seal ring 702 encoun-
ters debris or otherwise adheres to or cannot pass the outer
tubular 704, continued movement and/or impact loading
(e.g.,jarrng) the inner tubular 706 can cause a shear ring 714
adjacent the affected set of seal rings 702 to release from the
inner tubular 706. The shear ring 714 and seal rings 702 can
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then move into the portion 722 of smaller diameter. In the
portion 722 of smaller diameter, the seal rings 702 have
additional room 1n which to cock (as depicted 1n FI1G. 9C) and
facilitate passing debris or releasing from the outer tubular
704.

Although depicted with the sealing rings 702 and shoulders
712 carried on the inner tubular 706, in certain instances, the
sealing rings 702 and shoulders 712 (including shear rings
714 and other associated details of sealing system 700) can be
carried on the interior of the outer tubular 704. As such, the
iner tubular 706 would include a seal surface (similar to
sealing surface 710) on 1ts outer diameter and the sealing,
rings 702 can be springingly biased into sealing contact with
the sealing surface of the inner tubular 706.

The sealing system 700 can be employed 1n a number of
sealing applications about example system 100 described
above (FIG. 1). In certain instances, the sealing system 700
can be employed in an expansion joint, such as those
described with respect to FIGS. 2A-5. For example, the seal-
ing system 700 can be employed to seal between an outer
housing and inner body of an expansion joint. By way of
example 1n the expansion joint 200 of FIGS. 2A-B, the seal-
ing system 700 can be employed at an end of the annulus 220,
where the outer tubular 704 1s the outer housing 202 and the
inner tubing 706 1s the mner body 204. The sealing system
700 can be applied 1n a similar manner to the expansion joints
300-500 (FIGS. 3-5). The sealing system 700 can addition-
ally or alternatively be employed to seal other aspects of
expansion joints 200-500.

In certain 1instances, the sealing system 700 can be
employed as seals 144 (FIG. 1) to seal between the treatment
fluid myection string 156 and the first leg 138 of the junction
liner device 124. As such, the outer tubular 704 1s the first leg
138 and the inner tubular 706 1s the imjection string 156.
Similarly, the sealing system 700 can be employed to seal
between the treatment fluid injection string 156 and the 1njec-
tion liner 118 at each of the flow distribution valves 152,
where the outer tubular 704 1s the injection liner 118 and the
inner tubular 1s the injection string 156. The sealing system
700 can be employed at other locations about system 100,
including 1n seal assembly 128 sealing between the junction
liner device 124 and casing 158, 1n sealing leg 136 of junction
132 to polished bore receptacle 130, 1n seal assembly 168
sealing space out tubing 166 to production liner 170, and/or at
other locations around system 100.

The sealing system 700 1s a stmple system, and economical
to construct. Moreover, because it employs metal seal rings, 1t
can withstand service temperatures associated with heated
fluid 1njection. In operation, certain embodiments of the seal-
ing system 700 can maintain sealing against flows of flmids
having temperatures of 250° C. and above and, in some
instances, 400° C. and above. The seal rings 702 need not
make a substantially gas and/or liquid tight seal. Rather the
sealing achieved by the seal rings 702 can be to substantially
block flow while allowing some leakage. The sealing system
700 can be used 1n a wide array of applications, including
watertlood, steam tlood, and high volume wells where screen
cutting due to annular flow 1s a concern.

A number of examples have been described. Nevertheless,
it will be understood that various modifications may be made.
Accordingly, other embodiments are within the scope of the
following claims.

What 1s claimed 1s:

1. A wellbore device, comprising:

a first elongate tubular body adapted to reside in a wellbore;
and
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a second elongate tubular body coupled to the first elongate
tubular body and adapted to reside 1n the wellbore;

a thermally responsive material that resides in an annulus
that 1s defined between the first and second elongate
tubular bodies, the wellbore device changeable between
the first elongate tubular body axially fixed against
movement 1n a {irst direction relative to the second elon-
gate tubular body and axially moveable a specified dis-
tance 1n the first direction relative to the second elongate
tubular body in response to a temperature change of the
thermally responsive material;

a hydraulic volume about the second elongate tubular body,
where the thermally responsive material comprises a
phase change material that 1s solid below a specified
temperature and flowable above the specified tempera-
ture, the phase change material sealing the hydraulic
volume when the phase change material 1s solid and not
sealing the hydraulic volume when the phase change
material 1s flowable; and

a fluid in the hydraulic volume that, when sealed 1n the
hydraulic volume, axially fixes the first elongate tubular
body against movement in a first direction relative to the
second elongate tubular body.

2. The wellbore device of claim 1, wherein the first elon-
gate tubular body 1s changeable between axially fixed against
movement 1n the first direction relative to the second elongate
tubular body and axially movable the specified distance in the
first direction relative to the second elongate tubular body 1n
response to temperature above the specified temperature.

3. The wellbore device of claim 2, wherein the phase
change material, when solid, axially fixes the first elongate
tubular body against movement in the first direction relative
to the second elongate tubular body.

4. The wellbore device of claim 3, wherein the phase
change material grips a profile defined by the first and second
clongate tubular bodies when solid.

5. The wellbore device of claim 3, wherein the phase
change material comprises at least one of a eutectic phase
change material or a polymer phase change materal.

6. The wellbore device of claim 2, wherein the specified
temperature 1s less than 200° C.

7. A method, comprising:

pushing a string into a wellbore by applying force using a
rigid joint that comprises a thermally responsive mate-
rial positioned between adjacent tubulars of the rigid
joint, the thermally responsiveness material comprising
a phase change material; and

changing the joint, 1n response to a change 1n temperature,
to allow axial retraction of the joint by deforming the
thermally responsive material positioned between the
adjacent tubulars of the rigid joint, where changing the
joint comprises sealing a hydraulic volume when the
phase change material 1s solid and not sealing the
hydraulic volume when the phase change material 1s
flowable, and axially fixing the adjacent tubulars against
relative movement with a fluid sealed in the hydraulic
volume.

8. The method of claim 7, wherein changing the joint in
response to a change 1n temperature comprises changing the
joint to allow axial retraction when steam 1s communicated in
the wellbore through the string.

9. The method of claim 7, wherein deforming the thermally
responsive material comprises changing the phase change
material from solid to tflowable.

10. A method, comprising:

receiving a flow of a wellbore fluid 1n an annulus between
a first concentrically arranged tubing and a second con-

10

15

20

25

30

35

40

45

50

55

60

65

18

centrically arranged tubings of a downhole tool that 1s
arranged 1n a wellbore, the flow being at a temperature of
approximately 250° C. or greater;

sealing against the flow with a plurality of metal split seal

rings residing between the first and second tubings;
retaining the seal ring relative to the second tubing with a
shear ring frangibly affixed to the second tubing; and

releasing the shear ring from the second tubing to release
the seal ring from sealing between the first and second
tubings.

11. The method of claim 10, further comprising sealing
against passage of flow through the split of one of the seal
rings with another of the seal rings.

12. The method of claim 10, wherein releasing 1s per-
formed by shearing a shear member atfixing the shear ring to
the second tubing.

13. A wellbore device, comprising:

a first elongate tubular body adapted to reside in a wellbore;

and

a second elongate tubular body coupled to the first elongate

tubular body and adapted to reside 1n the wellbore; and
a shape memory metal that resides 1n a first shape below a
specified temperature and resides 1n a second, different
shape above the specified temperature, the shape
memory metal residing between the first elongate tubu-
lar body and the second elongate tubular body and, when
in the first shape, engaging the first elongate tubular
body to the second elongate tubular body and, when 1n
the second shape, allowing axial movement in the first
direction of the first elongate tubular body relative to the
second elongate tubular body,
the wellbore device changeable between the first elongate
tubular body axially fixed against movement 1n a first
direction relative to the second elongate tubular body
and axially moveable in the first direction relative to the
second elongate tubular body in response to the shape
memory metal residing in the second shape above the
specified temperature.
14. The wellbore device of claim 13, wherein the first
clongate tubular body 1s telescopically received within the
second elongate tubular body and wherein the shape memory
alloy resides 1n interference between the first elongate tubular
body and the second elongate tubular body when 1n the first
shape and out of interference when 1n the second shape.
15. The wellbore device of claim 13, wherein the shape
memory metal comprises at least one of a cobalt-nickel-
aluminum alloy, a cobalt-nickel-gallium alloy, a nickel-tita-
nium alloy, or a nickel-iron-gallium alloy.
16. A method, comprising:
pushing a string into a wellbore by applying force using a
rigid joint that comprises a thermally responsive mate-
rial positioned between adjacent tubulars of the rigid
joint, the thermally responsiveness material comprising
a shape memory metal; and

changing the joint, 1n response to a change 1n temperature,
to allow axial retraction of the joint by deforming the
thermally responsive material positioned between the
adjacent tubulars of the rigid joint, where changing the
joint comprises sealing a hydraulic volume when the
shape memory metal 1s 1n a first shape and not sealing the
hydraulic volume when the shape memory metal 1s 1n a
second shape, and axially fixing the adjacent tubulars
against relative movement with a fluid sealed in the
hydraulic volume.

17. The method of claim 16, wherein changing the joint in
response to a change 1n temperature comprises changing the
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jo1nt to allow axial retraction when steam 1s communicated in
the wellbore through the string.

18. The method of claim 16, wherein deforming the ther-
mally responsive material comprises changing the shape
memory metal from the first shape to the second shape. 5
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